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SPECIFICATION 

Hydr gel-f rmingpolym rs 

5 This invention relates to cross-linked polymers 
which can be hydrated to form hydrogels having 
improved mechanical properties despite a generally 
high equilibrium water content. The polymers of the 
invention are particularly, but not exclusively, useful 

10 in the field of optical prostheses (ie contact lenses and 
intraocular implants) as well as in reverse osmosis 
membranes and in controlled-release devices for 
controlled dischargeof an active ingredient, particu- 
larly in a physiological environment. 

1 5 Soft contact lenses are made of hydrogef, a 

hydrated cross-linked polymer containing hydrophilic 
monomer units. In use, these lenses cover the cornea, 
a body of avascular tissue which requires a con- 
tinuous supply of oxygen from the air in order for it to 

20 function. If starved of adequate oxygen supply, the 
cornea swells and becomes nary, producing danger- 
ous impairment of vision. Oxygen supply to the 
cornea in a normal eye takes place by diffusion 
through the tear fluid and thus the supply when the 

25 cornea is covered by a contact lens must take place by 
diffusion through the lens and by tear circulation to 
the area beneath the lens. In practice, the latter route is 
inadequate alone so that contact lenses must be 
oxygen-permeable if they are to be worn for any 

30 length of time. 

The oxygen permeability of a hydrogel is a property 
of its material and depends primarily on the equilib- 
rium water content, high water contents producing a 
lens of high oxygen permeability and low water 

35 contents lower oxygen permeability. Forthis reason, 
high equilibrium water content hydrogels are used for 
extended wear lenses whilst hydrogels of low water 
content are limited to use for daily wear lenses. 
Extended wear lenses are normally also made in 

40 considerably smaller thicknesses than daily wear 
lenses. This is largely because thickness determines 
the actual oxygen transmissibility of the finished lens. 
However, another major reason for use of small 
thicknesses is the additional wearercomfort resulting 

45 from the low volume of the lens in the eye as well as 
the reduced level of tear production which such lenses 
require for their surface to be covered with a 
continuous permanent tear film which enables the 
lens to function as an efficient optical device and to 

50 remain reasonably clear. 

Both methods, either of increasing the water 
content or of reducing the lens thickness, suffer 
nevertheless from a serious drawback. In both cases 
the lens loses physical strength and its firmness. It 

55 becomes too soft for positive eyelid interaction and 
thus loses the ability to k epclean.ltb comestoosoft 
toe ntr properly in the eye and thus it loses stability 
of vision. The ultra thin lens salso become fragile and 
tend to break asily.Thei nsalsot ndstoadher to 

60 th yeball and thus prevents adequate t ar circula- 



tion. It also tends to buckle and b comes difficult to 
handle. The soft contact lens and esp cially the thin 
and the ultra thin lens tends therefore to lose most of 
the advantag s they were initially designed to gain. 

65 The main reason for that is the adequate modulii of 
the hydrogels used for these devices. The modern 
hydrogels possess low modul ii to enable them to 
function properly in the eye. Formation of hydrogels 
with higher modulii could overcome most of the 
70 existing drawbacks of modern soft contact lenses, 
which drawbacks have been mentioned earlier. 
However, raising the hydrogels modulii would result 
in rendering them brittle and the lenses made out of 
them even more fragile. Improving the hydrogels 
75 modulii ought therefore to go hand in hand with 
maintaining their other physical properties and even 
further improving them. While the higher modulus is 
required to form efficient thin or ultra thin lenses that 
can supply enough oxygen to the cornea for extended 
80 wear use, improvement of the toughness is also 
required to extend the life of the lens and to make it 
suitable for daily wear use too. 

Only the hydrogels which possess the combination 
of higher modulii with physical strength would qualify 
85 to form the desirable thin or ultra thin lens for both 
daily and extended wear. 

Improved hydrogel-forming polymers need to 
further possess good machining and moulding char- 
acteristics, improved hydrogel surface properties and 
90 improved UV absorption characteristics which are 
imperative in cases of aphakia. 

Attempts to improve the toughness of hydrogels 
have been proposed in the past but these have been 
unsatisfactory for various reasons. US Patent 4327202 
95 (Foley), for example, addresses the lack of toughness 
in polyhydroxyalkylated (meth) acrylic esters such as 
polyhydroxyethylmethacrylate (HEMA). In Foley, 
styrene or a styrene derivative is included in the 
polymer to provide toughness, thus producing a 

100 hydrophilic-hydrophobic system typified by HEMA- 
styrene. HEMA has an equilibrium water content of 
only 38.5% at 20°C and this is, of course, lowered by 
the styrene to a level which is not adequate to provide 
the oxygen transmissibility needed for extended 

105 wear. Methacrylic acid is included to raise the water 
content to a reasonable level butthis use of an acidic 
material gives rise to dimensional and optical instabil- 
ity depending on local pH conditions. Foley's lenses 
were also not ultra-thin, Foley reporting only thicknes- 

110 ses down to 0.5mm. 

Similar approaches to Foley are described in US 
Patents 3070348 and 3983083, although in the latter 
case the polymers concerned were soft at room 
temperatu re and needed to be machined at low 

115 temperature. 

Intraocular lenses (10L's)ar bioimplants implanted 
surgically into the eye in patients whose natural 
crystalline lens has been surgically removed in a 
cataract p ration. 

120 Itisofprim importancetor duceth sizeofthe 



Formulae in the printed specificati n were reproduced from drawings submitted after the 

date of filing, in accordance with Rule 20 (14) f th Patents Rules 1982. 
This print takes account f r placement documents submitted aft r the dat of filing to 
enable the application to comply with the f rmal requirements of th Patents Rules 1982. 
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incision mad in the eye during this operation. Forthis 
reason it is specially important that the 10L should 
possess high equilibrium water content. The high r 
th water c ntentofthe lens the more it would shrink 
5 on drying. 

The high water content 10Lcould be partially dried 
before the cataract operation. Thus it would shrink 
considerably enabling a small size incision for insert- 
ing the lens into the eye. Once in position the 
10 semi-dried 10L would gain its water con tent from the 
liquids of the eye and swell back to its original 
parameters. 

Intraocular lenses are also required to possess good 
mechanical properties such as high tensile strength 

1 5 and modulus since they are implanted as permanent 
prostheses which cannot easily be replaced should 
they suffer mechanical damage. They also need to 
possess improved surface properties so as to avoid 
deposit on the lens which could cause impairment of 

20 vision. 

As in the case of the natural crystalline lens, the 10L 
needs to absorb UV light in the solar region (290- 
400nm) so as to filterthis damaging light out of the 
human sight. 

25 It has now been found that hydrogel-forming 
polymers of improved modulii can be produced in a 
way that eliminates deterioration of the physical 
strength of the hydrogels. Furthermore, the method 
according to the invention may result in hydrogels of 

30 both improved modulii and physical strength at the 
same time. It may also improve the machinability and 
the moulding properties of the polymers, the surface 
properties of the hydrogels and their UVabsorption 
characteristics. 

35 According to the invention, a cross-linked hydrogel- 
forming polymer comprises one ore more hydrophilic 
monomers (eg a vinyl monomersuch as a ring 
saturated or ring unsaturated heterocyclic vinyl 
monomer) and is given improved tensile modulus 

40 without deterioration of strength and toughness by 
inclusion of one or more polyunsaturated (eg having 
vinyl orallyl unsaturation such as methacrylicor 
acrylic unsatu ration) polymeric cross-linking agents. 
In preferred embodiments of the invention, the 

45 hydrophilic monomer is a nitrogen-containing 
monomer, preferably a heterocyclic monomer. 

Heterocyclic N-vinyl monomers are especially pre- 
ferred, for example N-vinyl lactams. 
Preferred N-vinyl lactams are pyrrolidone, piper- 

50 idone and caprolactam derivatives, such as N - vinyl -2 
- piperidone, N - vinyl - 2 - pyrrolidone, N - vinyl 
caprolactam or derivatives thereof. 

As an alterative to N - vinyl lactams, the heterocyclic 
N - vinyl monomer may be N - vinyl imidazole, N - vinyl 

55 succinamide or N- vinyl glutarimide. 

Alternativ nitrogen-containing m n merstothe 
het rocyclic monomers referr dto above are amido 
derivatives of (m thjacrylicc mpounds,forexampl 
a (meth) acrylamide or an N-substituted derivativ 

60 thereof. Preferred arethos which are mon -ordi- 
substitutedwith f forexamplealkyl, hydroxyalkylor 
aminoalkyl substituents. Specific exampl s of such 
materials are N-methyl acrylamide, IM-isopropyl acry- 
lamide, IM-diacetone acrylamide, N, N-dimethyl acry- 

65 lamide, N, N - dimethylaminomethyl acrylamide, N, N 



-dimethylaminoethylacrylamide N -methylami- 
noisopropyl acrylamide or a methacry lamide analog 
ofanyoneofth foregoing. 
The hydrophilic monomer may alt rnatively be any 
70 other vinyl orallyl monom r. 

Examples are a monovinyl ether, a monovinyl 
polyether,ahydroxy!ated vinyl ether, an aminoalkyl 
{meth)acrylate,a hydrozyalkyl (meth)acrylateoran 
alkoxy derivative thereof. 
75 The hydroxyalkyl (meth) acrylate may be, for 

example, mono-, di- or tri-hydroxylated, with the alkyl 
moiety in any event preferably being of one to four 
carbon atoms (especially ethyl and propyl). Specific 
hydroxyalkyl (meth) acrylates are 2 - hydroxyethyl 
80 methacrylate, hydroxypropyl acrylate, hydroxypropyl 
methacrylate, 2, 3 - dihydroxy propyl methacrylate and 
their alkoxy derivatives. 

The aminoalkyl (meth) acrylate may conveniently 
be one in which the amino group thereof is either 
85 unsubstituted or is mono- or d-alkyl substituted, for 
example aminoethyl (meth) acrylate, dimethylami- 
noethyl methacrylate, methylaminoethyl methacry- 
late and diethylaminoethyl methacrylate. Other 
(meth) acrylic acid derivatives are also envisaged. 
90 The hydrophilic monomers are conveniently pre- 
sent in an amount of at least 35% by weight based on 
the weight of the polymer, a proportion of 50% by 
weight or more on the same basis being preferred. 
Proportions a re varied depending primarily on the 
95 desired equilibrium watercontent of the hydrogel, 
proportions within the ranges specified above nor- 
mally providing acceptably high water contents for 
hydrogels suitable for use in extended wear contact 
lenses. 

100 Whilstthe polymers of the invention may contain 
lowmolecularweightcross-finking agents (ie 
monomers containing at least two olefinic bonds per 
molecule), it is crucial to the invention that one or 
more polyunsaturated polymeric cross-linking agents 

105 (ie polymers having multiple unsaturation along the 
polymeric backbone) are included in the hydrogel- 
forming polymers. The chains constituted by these 
polymeric cross-linking agents serve to provide rein- 
forcement, somewhat analogously to thefibre-rein- 

110 forcement provided by incorporating, for exam pie, 
glass or carbon fibres in polymer compositions for 
other applications. They thus produce an improve- 
ment in both toughness and stiffness which facilities 
production of thin and ultra-thin lenses as well as lens 

1 1 5 durability. The resilience of the hydrogel-forming 
polymers was also improved to enable lenses made 
therefrom to have high recovery speed when resilient- 
ly deformed in use (for example, in the eye). 
The polyunsaturated polymeric cross-linking agent 

120 (preferably present in an amount of 0.5% by weight or 
more) may conveniently be a polyunsaturated polyes- 
ter resin of averag mol cularw ight 1500 to 10000 
such as 2000 to 8000 (eg a bout 3500). The p lyun satu- 
rated polyester resin may b aliphatic r aromatic type 

125 and in particular may be at rephthalate-orisoph- 
thaalate-based polyunsaturated polyester resin such 
as phenylterephthalate-or phenylisophthalate-con- 
taining polyunsaturated polyester resin. 
Terephthalate-based resins are preferred in terms 

130 of the properties of the resulting hydrogels but is 



ophthalat -based resins are preferred on cost 

grounds. Polyunsaturated polyester resinsmaybe 
used as such or as a mixture in which a polyu nsatu- 
rated polyester resin is diss Ivedinoneormore 
5 monomers required in polymerization to produce the 
nydrogel-forming polymer. 

As an alternativeto polyunsaturated polyester 
resins, the polymericcross-linking agent may be any 
unsaturatedderivativeofanaturalorsynthetic 
10 homopolymerorcopolymercontaining multiplefunc- 
tionalgroupsalong its chain, thederivative typically 
having an average molecular weight of 25000 to 
100000<eg about 50000). Such functional groups 

'nclude,forexam P le,hydroxy / amino / carboxy, S ul. 
1 5 phonic and chloromethylene groups as well as their 
activated derivatives. The natural orsynthetic poiym- 

TnH r 6 ?,*? maV thuS be ' fore *ample, polyvinyl 
alcohol, cellulose or a cellulose ester such as cellulose 
acetate, cellulose butyrateora mixed estersuch as 
20 cellulose acetate butyrate, PVA-vinyl acetate copo- 
lymer or polymethylmethacrylate - 2 - hyroxyethyl- 
methacrylate copolymer. Multiple pendant unsatura- 
tion i produced in the above homo/co-polymers may be 

allylorv,nyl(egacrylicormethacrylic),examplesof 
25 polyunsaturated polymericcross-linking agents 

^'°:5 in9, r,, be, ' n 9 ce,luloseac etateacrylate,cellulose 
acetate methacrylate, other {meth) acrylic esters of 

SS 86 °? Ce " UlOSe ester ' and P° ,vvin y' a'cohol 
(meth) acrylic esters. 

30 Furtheralternative polyunsaturated polymeric 
cross-linking agents are (Meth) acrylic amido deriva- 
tives of polyamines ("Meth) acrylic" used throughout 
means acrylic or methacrylic). 

Thepolymericcross-linkingagentneednotbea 
35 homopolymerbut could be a copolymer of two or 
more monomers the only requirement being that is 
has the requisite multiple unsaturation and, in prac- 

produce thehydrogel-forming polymers of the inven- 
40 ton. Typ,ca| unsaturation degree in the case of 

cellulose esters maybe one to three unsaturations per 
recurring glucose unit (two glucose groupings have a 
molecularwe.ghtof534inthecaseofatypical 

45 or^elveglucoseunits(eg.oneunsaturationperthree 
to five glucose units). In the case of polyester the 

unsaturation isusually one perrecurring unitand may 
be as lowas one for each of two orthree recurring 
m { T S l^. Pr6SS , e ? 38 3 rati0 unsat "rations : molecular 
n„ 9 n h n ttyp,Ca,de9reeonunsatura «onrangesfrom 
1:2000or3000u P wards(eg.1:2000to1:500or1 So 
such as 1 :1000or1 : about300or350) 

ti^?* 8 polvmeric cross-linking agents men- 
t.oned herein, especially the polyesters, may be 

w> fluorinated (or substituted with othersubstituents) 
and it has been found that, when used in fluorinated 
form, it bee mes more efficient and improved on the 
rnachmabilityofth polymer and the surface prop 
rties of the hydrogel after hydration. 
..cit,""^" 1 riccros ^inHno8g ntswhichmayb 
used in the invention in addition to polyunsaturated 
polym riccross-linking agents includ anym nomer 
containing two or more olefinic unsatu rations per 
molecul .Specific xamplesar thyl n glycol 

65 d.methacrylate.diethyleneglycoldim thacrylate tri 



tetra or polyethyleneglycol dim thacrylate, and also 
divinylbenzene.divinylethyleneur a.divinypr ov- 
ene urea, ally! methacrylate, trimethylol propane 

7n 2T? f Jia " yl P ntha ' a te,fumarateormale- 

70 ate, diethylene glycol bis (Allyl carbonate) and ethoxy- 

m„ e n d ' s P heno1 A ^methacrylate ordipentaerythritol 
monohydroxy pentacrylate or pentamethacrylate. 

The non-polymeric cross-linking agent may. of 
course contain three or more olefinic unsaturations 
75 Perrnolecule.specificexamplesbeingtrimethylolpro- 
pane^tr.methacrylate,diallylfumarate,diallyl'maleate 
acryla'te " t01 monohydrox y P enta ^eth) 

80 ers,thepolymersaccordingtotheinventionmay 
contain one or more hydrophobic monomers, usually 
toenabletheequilfbriumwatercontentofthe 
hydrogel to be adjusted to a predetermined level (and 
sometimes alsoto affect other properties). (Meth) 
85 acrylicalkyl festers (eg C1 -4 alky, esters) aletypica, 
hydrophobic monomers for use in the invention 
specificexamples being methyl acrylate, methyl 
methacrylate, ethyl acrylate and ethyl methacrylate. 
on 0th " v,nv ' oral| y' hydrophobic monomers may be 
90 "sed,forexamplevinylesterssuchasvinylacetate 
vinyl propionate, styrene, styrene derivatives and ' 
maleate esters such as alkyl maleates. 

The polymers of the invention may conveniently 
contain a fluorinated aromatic carbocyclic monomer. 
»o These monomers have been found to enable reduc- 
tion in theamount of polymericcross-linking agent 
requiredfora hydrogel-forming polymerwith par- 
ticular desired strength and toughness qualities 
Similarly, they improve on the machinability of the 

™u Po'ymerandthesurfacepropertiesofthehydrogels 
Aparticularly useful class of such carbocyclic 
monomersare those of thegeneral formula:— 

105 




,m ^r R R V S ,f no P t,onal| y fl^rinated unsaturated 
110 moiety, R 2 ,sfluorine,R 3 toR 6 each represent identical 
XT™ Substituents . » to rare, eaSh independem- 
lyzerooronemiszerooranintegeruptoavalue 
tilt b • <7+ « W,t . h the P rovi sothat m i S2 ero only 
whenR, isafluonnatedunsaturatedmoiety The 
115 monomermay,forexample,bedi-,tri-orpenta- 
fluonnated on the aromatic ring. 

R, may be ethylenically unsaturated optionally 
taftr-T tedhydrocarbon moietyof,forexampl e ,2 
to 6 carbon atoms, for example, optionally halooen- 
120 atedvinyl.allylorhomologuethereof 9 
i? 3 I* H ay be identical or different substituents 

hydrocarbon substituents such as alkyl groups of f r 
exampl ,1to4carb natom). ""Psor.t r 

125 mi?" m . bodimento ^h inv ntion. the carbocyclic 
monomer is one in which R, is a fluorinated 
thylencally unsaturated hydrocarbon moi ty and m 

torsrsz ro. 

,*» n '5 efl 1 U0 u rinat dcar bocyclicmonomermayin 
130 particularbeafluorinat d styrene (including at least 
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parafluoro substituti n), penta fluoro styrene being 
preferred. 

As menti ned above, the fluorinated carbocyclic 
m n merenabl sad sirablel vel of strength and 
5 toughness to be achieved with decreased contents of 
polymericcross-linking agents, although this is 
generally to some extent at expense of tensile 
modulus or recovery speed. It will thus be appreci- 
ated thatthe capacity to vary the amount and type of 

10 both the polymericcross-linkingagentand the 
fluorinated monomer represents a tool by means of 
which the polymer can be produced with tailored 
mechanical properties. In addition to mechanical 
properties, optical properties can similarly be varied 

1 5 and, moreover, the fluorinated monomer has been 
found to improve the surface properties of lenses 
madefrom polymers according to the invention. This 
obviously has an influence on the tendency of the 
lensto suffer surface soiling, thus providing another 

20 factor determining the use of the fluorinated monom- 
ers. The fluorinated monomer also improves casting 
of the polymerto a lens configuration (an aspect of 
surface property improvements) and hard polymer 
machinability. 

25 Thefluorinated carbocyclic monomer is conve- 
niently used in an amount of not more than 25% by 
weight of all the materials used to form the polymer, a 
preferred proportion being 15% or less. The most 
preferred range of proportion is 0.5% to 1 0% (eg 3% 

30 to 10%). 

UV light has long been recognised to be hazardous 
to human sight. This is especially so after a cataract 
operation when the natural crystalline lens with its 
capacity to filter U V light in the solar region 

35 (wavelengths 290— 400nm) has been removed. 
It is thus generally desirablefor intraocular lenses 
to absorb UV light in the same region and this is 
equally desirable in the case of the polymer materials 
of the present invention. 

40 To prevent leaching out, it is preferred that the 
polymershould contain UV-absorbing components 
poIymerized/chemicaNy bound therein. For example, 
the polymer may include at least one monomer 
containing a UV absorbing moiety which in the final 

45 polymer network will be located as a side group 
attached to the polymer backbone so as to be bound 
inextractable UV-absorber.The UV-absorbing 
monomer, which may be used in small amounts, eg 
0.1 to 10% (preferably 0.1 to2%) by weight ofthe 

50 materials used to form the polymer, may be a 

monoethylenically unsaturated monomer, for exam- 
ple 4 -benzoyl -3- hydroxy phenyl(meth)acrylate. 
Alternatively, the UV-absorbing moiety may be part 
of a cross-linking monomer. Cross-linking agents 

55 which are oligomeric may also be used in incorporate 
UV-absorbing components into the polymerstruc- 
ture.R siduesof chrom phoressuchasthefollow- 
ing may be employed to pr videth UV-abs rbing 
m i ties, namely hydroxybenzoph n nesandben- 

60 zotriazoles such as 2 - hydroxybenzoph en one; 2, 4- 
dihydroxyb nzoph non ; 2,2',4-trihydroxyben- 
zophenone;n,2',4,4'-tetrahydr xyb nz phenon ; 
2 - (2H - b nzotriazol - 2 - yl) phenol; or derivatives 
th r of. 

65 Alt rnativ ly, the chromophone may be UV- 



absorbing substituted cinnamic acid ora d rivativ 
ther of. 

Th chromophor may also b a derivative of 
phenyl or th raryl esters capable of photo-Fries 

70 re-arrangementtoform2-hydroxybenzophenone 
derivates bound in the polymer, for example resorci- 
nol monobenzoate, phenyl salicylate, diaryl tereph- 
thalate,diarylisophthalateorotherderivatives. 
It has been found that certain ofthe polymeric 

75 cross-linking agents referred to earlier possess UV- 
absorption characteristics in the solar region. Thus, 
for example, terephthalate-and isophthalate-based 
polyunsaturated polyester resins possess UV- 
absorption maxima in the solar range. Pheny- 

80 Itherephthalate-containing and phenyl-isophthalate- 
containing polyunsaturated polyester resins undergo 
Fries re-arrangement on exposure to U V-radiation to 
form 2-hydroxy benzophenone which functions as a 
UV-absorption moiety bound in the structure ofthe 

85 hydrogel-forming polymer. The Fries re-arrangement 
is illustrated below: — 



uv 



90 




) R-O-E 



It will be appreciated that UV-absorbing moieties 
95 bound in the polymer structure as mentioned above 
are of advantage since the UV-absorbing compo- 
nents are not leached from the polymer in the optical 
environment and therefore there is no loss of 
UV-absorbing properties and no risk of toxic effects 
100 due to materials leaching into the eye. 

The polymers ofthe invention may be prepared by 
radiation polymerization or by heating a polymeriza- 
tion mixture in the presence of one or more chemical 
initiators. 

105 In the case of radiation polymerization, the radia- 
tion will preferably be ionizing gamma-radiation, for 
example from a cobalt 60 source. Other forms of 
radiation, such as electron beams and photon beams, 
may however, be used as an alternative. 

110 Examples of chemical initiators are those which 
generate free radials, such as hydroperoxides or 
organic peroxides such as the benzoyl peroxide, a 
percarbonatesuch as di-isopropyl percarbonate or 
di-cyclohexyl percarbonate, a redox system or an azo 

115 compound such as azobisispbutyronitrile. 

Heating at temperatures in the range of 30-95°C is 
generally suitable to polymerize the mixture. It is 
desirable to conductthe heating in a cycle, ie in a 
series of stages at increasing temperatures, the early 

120 stages (30-60°C) being conveniently carried out in a 
water bath or ven, while the latter stages may be 
preferably carried out in an v n; the last stage is a 
post-cur treatm nt and may be conducted at 85-95°C 
possibly under vacuum. 

125 Apartfrom monomers, cross-linking agents and 
anyr quired initiators, th monomer mixture may 
contain one or mor solvents to h Ipdissolv the 
polymers or monomers, or to affect one or more of 
the physical and mechanical properties of the final 

130 product. 
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The polymerisation is preferably effected in a 
m uld. The mould will conveni ntlytakethefinal 
shape fa desired article or may be as close as 
possible to it, so that subsequent machining is either 
5 not necessary or is minimized. The mould may also 
provide a simple shape eg a rod or sheet which could 
be used to provide blanks. The blanks may then be 
machined to produce a desired article such as a 
contact lens or an intraocular lens. 

10 The hydrogel-forming polymers of the present 
invention are suitablefor use in contact with living 
tissue and are thus suitablefor making (by moulding 
and/or machining) into bioimplantable devices such 
as intraocular lenses and contact lenses of various 

1 5 thicknesses (eg. thick, thin or ultra thin) as they 
combine flexibility with improved tensile modulus 
and adequate toughness. They are particularly suit- 
able for making into intraocular lenses as they can be 
made to possess any required equilibrium water 

20 content and to absorb UV light in the solar region. 
Dyes may be incorporated in the monomer mix 
before polymerisation or may be used to colourthe 
soft article at a later stage. Pharmaceutically effective 
substances may be incorporated into the micropor- 

25 ous structure of the polymers and then be released 
into the human body on a controlled slow-release 
basis. For example, the polymers according to this 
invention may be formed into a bandage lens for an 
eye and drugs such as antibiotic substances may be 

30 incorporated into the lens for gradual diffusion into 
the eye. The polymers may be used to form other 
slow release materials for administering active ingre- 
dients such as drugs to a physiological environment 
and may also be used for example, as fallopian tube 

35 closures. They may also be swollen with oil or organic 
solventto form organogels. 

As will be appreciated from the Examples which 
follow, one class of preferred polymers according to 
the invention comprises (i) methyl methacrylate, (ii) 

40 ethoxylated bisphenol Adimethacrylate, (iii) 
polyethylene glycol di methacrylate, (iv) methacry- 
late, (v) 2-hydroxyethyl methacrylate, (vi) cellulose 
acetate methacrylate, allyl, (vii) diacetone acrylamide 
and (viii) N-vinyl pyrrolidone in the preferred by 

45 weight amounts 30 parts (i), 0.3 parts (ii), 0.25 parts 
(iii), 0.25 parts (iv), 2.5 parts (v), 1 .5 parts (vi), 0.25 
parts (vii), and 65 parts (viii). 

In a second aspect, the invention provides cross- 
linked hydrogel-forming polymers comprising a 

50 fluorinated aromatic carbocyclic monomer and such 
a proportion of such a strongly hydrophilic com- 
onomer that a body of hydrogel formed by hydration 
thereof has an equilibrium water content at 20°C of 
preferably more than 50%, especially more than 60%, 

55 as well as 10Ls and contact lenses made of such 
p lymers. A preferred such contact lens for extended 
wear, the lens has a thickness and water content such 
that its oxygen transmissibility on the Fatt scale is at 
I ast200 x 10~ 10 (cm/sec) (ml0 2 /ml x mm Hg) at 35° 

60 C, 

The invention further provides a UV-absorEfing 
hydr gel-forming polymer comprising at I ast ne 
hydrophilic monomer and optionally at least one 
non-hydrophilic monomer characterized in thatthe 
65 polymer includes units containing a UV-absorbing 



moiety which in the final polym r network is bound 
aspartofthepolymerstructure.Thep lym rmay 
include a polyunsaturated polymeric cr ss-linking 
agent. 

70 The hydrophilic monomer may be acrylate of the 
general formula: — 

R O 

wherein R is H or alkyl (eg C1 -C4 alkyl such as methyl) 

75 andR 1 is hydroxy- or alkoxy-alkyl,for example 
hydroxyethyl (meth)acrylate, dihydroxypropy- 
Imethacrylate, ethoxyethylmethacrylate, an N-vinyl 
lactam, N-vinyl imidazole, N-vinyl succinamide, N- 
vinyl glutarirnide,avinyl or allyl ether, (meth)acryla- 

80 mide, aminoacrylate, and derivatives thereof. 

The units containing the UV-absorbing moiety may 
be monomer units or molecules of an oligomeric or 
polymeric cross-linking agent. The monomer units 
may be units of a comonomer or a monomeric 

85 cross-linking agent. The monomer units may contain 
any of the chromophores specified earlier, in particu- 
larachromophore which undergoes photo-Fries 
re-arrangement on exposure to UV-radiationtoform 
a re-arrangement product which absorbs UV-radia- 

90 tion, such as an aryl ester which undergoes UV-Fries 
rearrangement to form 2-hydroxybenzophenone de- 
rivatives bound in the polymer. 

Thefollowing specific Examples are intended to 
illustrate the invention. 

95 Inthe Examples, MW means the approximate 
weight average molecular weight. Degree of un- 
saturate n is expressed as number of unsaturations 
per segment of molecular weight 1000 and is 
necessarily approximate. 

100 Example 1 

A mixture of 1 0g freshly distilled pentaf luoros- 
tyrene, 17.6g freshly distilled methyl methacrylate, 
0.2g diallyl phthalate, 0.2g dially maleate and 7g of 
purified cellulose acetate acrylate of Example 1 6 (MW 

105 = 50,000; degree of unsaturation = 1/1000) was 
thoroughly shaken then dissolved in 165g of N-vinyl- 
2-pyrrolidone.Then 0.4g azobisisobutyronitrile was 
added and the solution was thoroughly mixed, 
filtered and degassed under vacuum. Part of it was 

110 then sealed in a low density polythene tube. The tube 
was subjected to a heating cylce of 40hrs at 40°C, 6hrs 
at 60°C and 1 6hrs at 90°C and then (eft to cool slowly 
to room temperature. Discs of 1 mm thickness were 
machined from the hard polymer produced by the 

1 1 5 above method and then immersed in normal saline at 
20°C for hydration until reaching equilibrium (3-7 
days). The equilibrium water content was 70.5% and 
the hydrated discs were clear, tough and flexible with 
high tensile modulus. 

120 The rest of the polymerisation mixture was cast 
into films betw n glass plates, s aled with silicon 
rubber gaskets and then subj cted to the same 
heating cylc asabov .Th glass plates were then 
opened and the hard film was hydrat d as before. 

125 Similarly, the equilibrium wat rcont ntwas70.5% 
and the mechanical properties of the hydrat dfilm 
were measured using ASTM D6 38-77a and D1 004-66 
for tensile prop rtiesand initial tear resistance, 
r spectively.Th tensile modulus at 40% strain was 

130 19.5kg/cm 2 ,thet nsilestr ngth 19kg/cm 2 andthe 
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initial tear resistance was 400g/mm. 

Discs of the material could b machined into 
contactlensesthinnerthan 0.1 mm in theirhydrated 
state, allowmg an oxyg ntransmissibilityontheFatt 

Example2 

, AmixtureoflOgfreshlydistilledpentafluoros- 

10 0 2al K i 9 I r f, h ' y d '" Sti " ed methyl ™thacrylate, 
10 0.2g diallyl phthalate, 0.2g diallyl maleate, 2g Scott- 
Bader Cr y St(C 181LV/ a commercia(( clearis0 9 phtha|ate 

ttinf^ y ? nSatUr f edp0,yesterresin f whfc hcon- 

^ O ^ ene;MW = 3 ' 500;de 9 ree ^«nsatura- 
t.on = 1/363) and 7g of purified cellulose acetate 

15 acrylate, referred to in Example 1 wasthoroughly 
shaken and then dissolved in 167g of N-vinyl-2- 
Pyrrolidone Then 0.4g azobisisobutyronitrile was 
added and the solution wasthoroughly mixed, 
filtered and degassed under vacuum. Partof itwas 

20 then sealed in a low density tube. The tube was 
subjected to a heating cycle of 40hrs at40°C, 6hrs at 

60Xand 16hrsat90Xandthen lefttocoolslowlyat 
room temperature. Discs of 1 mm thickness were 
machined from the hard polymer obtained by the 

at 20 Cfor hydrat.on until reaching equilibrium (3-7 
days). The equilibrium water contentwas 70.2% and 
the hydrated discs were clear, stifferthan those of 
<,„ T 8 -T, P ; how everthey were still tough and 
30 flexible. ThehydrateddiscsshowedUVabsorption 
bandsbetween190to300nm. 

The restof the polymerisation mixture was cast 
into films between glass plates, sealed with silicon 

ruDbergasketsandthensubjectedtothesame 
35 heating cycle as above. The glass plates werethen 

opened and the hard film was hydrated as before 
giving rise to the same equilibrium water content 
Themechanical properties of thehydrated films were 
An 2,1 ? 38 Exam P ,e ,1. The tensile modulus at 
40 40%stra.nwas22kg/cm 2 ,thetensilestrengthwas 
15kg/cm and the initialtear resistance was 320g/mm 

D.scs of the material could be machined into 
contactlensesthinnerthan O.lmmintheirhydrated 
state, allowing an oxygen transmissibility on the Fatt 

w, r ^ han36 ° X 10 " 1 °tem/sec)(ml0 2 /ml x 
mmHg)at35°C. 

Example 3 

A mixture of 1 .6g freshly distilled pentafluoros- 
tyrene 3.3g freshly distilled methyl methacrylate 

50 0^2g diallyl phthalate, 0.02g diallyl maleate, 0.06g 
ethyoxylated bisphenol A dimethacrylate, 0.8g of the 
isophthalate-based polyunsaturated polyester resin 
referred to in Example 2 and 0.8g of purified cellulose 
acetate methacrylate of Example 15 {MW= 50 000- 

55 degreeofunsaturation = 1/1000)wasthorougnly ' 
shaken and then dissolved in 33.4g of N-vinyl-2- 
pyrrolidone Then 0.08g azobisisobutyronitrile was 
added and the s lution was thoroughly mixed, 

Cft il . da " dd . eaassedunder ^cuum, and then sealed 
60 m a low density polythene tube. Th tubewas 

«nor eCt ! d ,l°u a heati " 9 of 40hrsat43°C. 6hrsat 
60 Cand 16hrs at SCC and then leftto cool slowly to 
room temperatur . Discs of 1 mm thickness were 
machined from the hard polymer obtained by the 
65 above procedure andthenimmers din normal saline 



at 2rcforhydration until reaching quilibrium (3-7 
TZ a. e J q ". i,ibrium w ater content was 74.2% and 
thehydratedd : scswereclear,stiffyettoughand 
flexible In add.tion.th hydrated discs showed 
70 strong UVabsorption bands in the solar region 
between 190to300nm. ' 

Discs of the material could be machined into 
contact ensesthinnerthan 0.06mm in their hydrated 
stae, a tag an oxygen transmissibility on theFatt 

75 scaleo morethan420xif J -«'(cm/sec)(ml0 2 /mfx 
mmhg)at35°C. 

Example4 

A mixture of 1g freshly distilled pentafluoros- 
tyrene. 3.5g freshly distilled methyl methacrylate 
80 0.1gdially. P hthalate,0.75go^ 

polyunsaturated polyesterresin referred* in Exam 

9 , 0 l PUnf ' edcelluloseaceta temethacrylate 
ofExample3and0.05gof4-benzoyl-3-hydroxy: 
fS- me , tna ?P" atewa sthoroughly shakenand 

of azobis.sobutyronitrile wasthen added andthe 

solut.onwasthoroughlymixed,filteredanddegas- 
sed under vacuum, and then sealed in a lowdensity 

on P °' ythe "^ ube - Thetuba wassubjectedtoa heating 

'S?k ^ reat ^' 6hreat60 ° Cand16hrsat9 0 o C 
andthenlefttocoolslowlytoroomtemperature. 
n^°c J?™ thiC J kn8SS Were mac "ined from the hard 

;;H d K V ?J he Tl ,lbnumwaterconte ntwas78% 
and the hydrated discs were still tough and stiff 

enough fortheir high watercontent. The hydrated 

• !u eXtraction with ethano1 Of'mes over 
night) and boiling in distilled water for 8hrs still 
100 absorbed UV. ight in the solar region indSfnle 
presence ofaboundUVabsorberinthehSe, 

Discs of the material could be machined into 
contact ensesthinnerthan 0.2mm in theirhydrated 
, n C ~ ' J " 9 an oxy9en tra nsmissibility on the Fatt 

Examples 

Amixtureof 6gfreshly distilled methylmethacry- 

, , n ? ? dia,lvl P ntha,ate < °-75g of the polyunsatu- 
1 1 0 rated polyester resin of Example 2 and 1 .5g of the 
purified cellulose acetate methacrylate of Example 3 
was thoroughly shakenandthen dissolved in41 65q 

was then added and the sol ution was thoroughly 

1 1 5 mixed, filtered and degassed under vacuum and 

sealed ma low density polythene tube. The tube was 

subjected to a heating cycleof 40hrsat40'>C. 6hrsat 

60 C and 16hrs at 90°C and then leftto cool slowly to 

room temperature. Discs of 1mm thickness were 

120 machined from the hard polymer thus produced and 

then immersed in normal salin at 20°C for hydration 

until r aching equilibrium (3-7 days). Th equilibrium 

waterc ntent was 78% andthe hydrated discs were 

tough and stiff enough f rsuch a high watercontent 

, J n ° Sh0W dUVab sorption bands b tween190 
t oOOnm. 

Discs of th mat rialc uld be machined into 

contactlensesthinnerthan0.2mm in theirhydrated 
stete, allowing an oxygen transmissibility on the Fatt 
130 scaleofmor than 250 x ir«(crr^sec)(ml0 2 {mfx 
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mmHg)at35°C. 
Example 6 

A solution of 1 . 12g of th solid isophthalate based 
polyunsaturat d polyester resin referr d to in Exam- 
5 ple2butdiss Ivedin 14gfreshlydistilled methyl 
methacry late, 0. 1 5g ethoxylated bisphenol A 
dimethacry late, 0.1 g diallyl maleate and 1 ,25g 2- 
hydroxyethylmethacrylate was added to a mixture of 
solids which contained 0.75g cellulose acetate 

10 methacryIateofExample3and0.12gdiacetone 
acrylamide, thoroughly shaken and then dissolved in 
32.51g on N-vinyl-2-pyrrolidone. 0.1g of azobisiso- 
butyronitrile was then added and the solution was 
thoroughly mixed, filtered and degassed under 

1 5 vacuum, and then sealed in a low density polythene 
tube. The tube was subjected to a heating cycle of 40 
hrs at 40°C, 6 hrs at 60°C and 1 6 hrs at 90°C and then 
left to cool slowly to room temperature. Discs of 1 mm 
thickness were machined from the hard polymer thus 

20 produced and then immersed in normal saline at 20°C 
for hydration until reaching equilibrium (3-7 days). 
The equilibrium water content was 60% and the 
hydrated discs were clear, stiff, tough yet still flexible. 
They also showed strong UV absorption bands 

25 between 190 and 300nm and this property remained 
after attempting absorber extraction in boiling water 
and organic solvents. 

Discs of the material could be machined into 
contact lenses thinner than 0.1 mm in their hydrated 

30 state, allowing an oxygen transmissibility on the Fatt 
scale of more than 250 x 1 0" 10 (cm/sec) (ml0 2 /ml x 
mmHg)at35°C. 
Example 7 

A solution of 1 .12g of the solid isophthalate-based 

35 polyunsaturated polyester resin of Example 6 in 
13.96g freshly distilled methyl methacrylate,0.15g 
ethoxylated bisphenol Adimethacrylate, O.lg diallyl 
maleate and 1 .25g 2-hydroxy ethyl methacrylate, was 
added to a mixture of solids which contained 0.75g 

40 cellulose acetate methacrylate of Example 3,0.1 2g 
diacetone acrylamide and 0.05g 4-benzoyl-3-hyd- 
roxyphenyl methacrylate, thoroughly shaken and 
then dissolved in32.5g of N-vinyl-2-pyrrolidone. 0.1g 
of azobisisobutyronitriie was then added and the 

45 solution was thoroughly mixed, filtered and degas- 
sed under vacuum, and then sealed in a low density 
polythene tube. The tube was subjected to a heating 
cycle of 40 hrs at 40°C, 6 hrs at 60°C and 1 6 hrs at 90°C 
and then left to cool slowly to room temperatu re. 

50 Discs of 1 mm thickness were machined from the hard 
polymerthus produced and then immersed in normal 
saline at 20°C for hydration until reaching equilibrium 
(3-7 days). The equilibrium water content was 59% 
and the hydrated discs were clear, stiff, tough yet 

55 flexible and capable of absorbing UV in the solar 
r gion, after extractions with thanol, ether and 
boiling water. 

Discs could be machined into contact I nses with 
similar dimensions and pr perties to those of Exam- 

60 pie 6. 
Example 8 

0.75gofthepurifi dcellulos acetat methacrylate 
of Example 3 and 0.5g of crystal I is d diacetone 
acrylamide was add dtoamixtur of 12.6g of freshly 
65 distilled methyl m thacrylate,0.15g thoxylat d 



bisphenol A dimethacrylat , 0.1 3g polyethylene gly- 
col dim thacrylat ,0.12gallylm thacrylateandBg 
2-hydroxyethyl m thacrylate, and was thoroughly 
shaken. It was then dissolved in 30.75g of N-vinyl-2- 

70 pyrrolidone, filtered and degassed under vacuum, 
and then sealed in a low density polythene tube. The 
tube was subjected to a dose of 2.5 MegaRads of 
ionising radiation from a Cobalt 60 source. Discs of 
1mm thickness were machined from the hard polym- 

75 erthus produced and then immersed in normal saline 
at 20°C for hydration until reaching equilibrium (3-7 
days). The equilibrium water content was 63% and 
the hydrated discs were flexible, stiff yet tough and 
clear. 

80 Example 9 

A solution of 0.48g the isophthalate based polyun- 
satu rated polyester resin of Example 2 in 0.27 styrene 
was added to a mixture of 20g purified 2-hydroxy- 
ethyl methacrylate, 8.95g freshly distilled methyl 

85 methacrylate, 0.1g ethoxylated bisphenol A 
dimeth aery late, O.lg diallyl phthalate, O.lg diallyl 
maleate, 1g purified diacetone acrylamide and 19g 
N-vinyl-2-pyrrolidone.The mixture was shaken and 
0.1g of azobisisobutyronitriie was added. Thesolu- 

90 tion was then thoroughly mixed, filtered and degas- 
sed under vacuum and sealed in a low density 
polythene tube. The tu be was su bjected to a heating 
cycle the same as that of Example 7 above then left to 
cool slowly to room temperature. Discs of 1 mm 

95 thickness were machinedfrom the hard polymerthus 
obtained and hydrated in normal saline at 20°C until 
equilibrium (3-7 days).The equilibrium water content 
was 42.7% and the hydrated discs were resilient, stiff 
and yet tough. The discs also showed UV absorption 

1 00 bands between 1 90 to 300nm. 
Example 10 

2,5g of freshly distilled pentafluorostyrenewas 
added to a mixture of 47.25g 2-hydroxyethyl 
methacrylate and 0.25g of allyl methacrylate and 

105 thoroughly shaken together. 0.1 g of azobisisobutyro- 
nitriie was added and the solution was mixed, 
degassed and sealed in a low density polythene tube 
as in Example 8. The tube was subjected to the same 
heating cycle and discs from the hard polymer 

110 obtained were hydrated to equilibrium as in the 
previous example. The equilibrium water content 
was 28.9% and the hydrated discs were stiff and 
white in colour. 
Example 1 1 

115 A solution of 1 2.6g of freshly distilled methyl 
methacrylate, 0.1 5g ethoxylated bisphenol A 
dimethacrylate, 0.13g polyethylene glycol 
dimethacrylate, 0.1 2g allyl methacrylate and 5.0g 
2-hydroxyethyl methacrylate was added to a mixture 

120 of 0.75gofthe purified cellulose acetate methacrylate 
of Example 3 and 0.5gdiac ton acrylamid .The 
whol mixtur was shaken and then dissolved in 
30.75g of N-vinyl-2-pyrrolidone. 0.1 g of azobisiso- 
butyronitriie was added and the solution wasthor- 

125 oughly mixed, filtered and degassed under vacuum 
and seal d in a low density p lythenetub .Th tube 
was subjected to a heating cycl of 40 hrs at 40°C, 6 
hrs at 60°C and 1 6 h rs at 90°C a nd then left to cool 
slowly to room temperatur . Discs of 1 mm thickness 

130 were machined from the hard polymerthus produced 
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and then immersed in normal saline at 20°Cfor 
hydration until reaching equilibrium (3-7 days). The 
equilibrium water contentwas 60.0% and the hy- 
drateddiscsw r flexible yetstiff, tough and cl ar. 
5 Example 12 

A solution of 1 5.375g freshly distilled methyl 
methacrylate, 0.15g ethoxylated bisphenol A 
dimethacrylate, 0.125g polyethylene glycol 
dimethacrylate, 0.125g allyl methacrylate and 1.25g 
10 2-hydroxyethyl methacrylate was added to a mixture 
of 0.75g of the purified cellulose acetate methacrylate 
of Example 3 and 0.125g diacetone acrylamide. The 
whole mixture was shaken and then dissolved in 
32.1g of N-vinyl-2-pyrrolidone. O.lg of azobisisobuty- 
15 ronitnlewasaddedandthesolutionwasthoroughly 
mixed, filtered and degassed under vacuum and 
sealed in a low density polyethylene tube. The tube 
was subjected to a heating cycle of 40 hrs at 40°C 6 
hrs at 60°C and 1 6 hrs at 90°C and then left to cool 
20 slowlyto room temperature. Discsof 1mm thickness 
were machined from the hard polymer thus produced 
and then immersed in normal saline at 20°C for 
hydration until reaching equilibrium (3-7 days). The 
equilibrium watercontentwas 60.5% and the hy- 
25 drated discs were stiff, tough and clear. It wasfound 
to be suitable for the production of soft intraocular 
lenses. 

Example 13 

Piano lenses of hydrated parameters of 9.0mm in 
30 radius, 14.5mm in diameter and 0.2mm in thickness 
were manufactured from the polymerof Example 1 1 
They were thoroughly cleaned, sterilized and then 
soaked in preservative-free 1 % pilocorpine hydroch- 
loride drops for 2 hrs. Then the lenses were used to 
35 treatthe eyes of patients who sufferfrom acute 
closed-angled glaucoma. The presoaked lenses re- 
leased in the eye over 90% of the pilocorpine in 4.0 
hrs and reduction of the intraocular pressure was 
obtained. 
40 Example 14 

Crystallized 4-benzoyl-3-hydroxyphenyl methacry- 
late was dissolved in 2-hydroxyethylmethacrylate 
cross-linking agent (aflylmethacrylate) and other ' 
monomers in different formulations asspecif ied in 
45 theTabie. 

0.2g of azobisisobutyronitrile was then added to 
each formulation and the different solutions were 
thoroughly mixed, filtered and degassed under 
vacuum. Each formulation was then sealed in low 

50 density polythene tube. The tubes were subjected to 
a heating cycle of 40 h rs at 50°C, 6 h rs at 60°C and 1 6 
h rs at 90°C and then left to cool slowly to room 
temperature. Discs of about 0.1mm in thickness were 
machinedf rom the hard polymers thus produced and 

55 then hydrated in saline as in Example 1 . The 

equilibrium water contents of the different formula- 
tions were ranged between 34 1 43% as indicated in 
the Table. Th hydrat d discs wer cl arandth y 
absorbed UV light betw en 190 to 400mm befor and 

60 after xtraction with ethanol, ether and boiling water 
Example 15 

1.25 litres patrol eu m eth r 40-60 is plac din a 3 litre 
round flask in a fum cupboard. 100g of fr shly 
distilled methacryloy! chloride is added and the 
65 mixtur isth r ugh ly stirred. 500g f cellules 



acetate (Eastman Kodak No. 4650) is now added 

slowly, while stirring constantly. Th nth flask is 

sealed,coveredandlefttostandatroomtemperature 

7oJ 5 T±^ 

tt?H K dandcoo,ed? nthefrid g eovernight.The 
sohd is subsequently transferred into a thimble 

wi^ 

with ether in a soxh let for three days, 8 hrs a day. 200q 

7 5 2£? z lat : d Na0H fs p,aced ' m *• *■* the v 9 

75 soxhlettodecomposetheacidchlorideandto 
convertthe organic acid formed into its solid sodium 



o 

R'-C-Cl 



80 



R'-C-OH 



HaOH 



NaOH 



O 

-C-OH 



R'COO Na 



Haci| 



"2 

The solids are removed every day together with the 
ether and replaced by new portions of NaOH (200g) 
and diethyl ether. Jn thefourth day the cellulose 
85 acetate methacrylate is placed between layers of filter 
paper in the fume cupboard for 5 to 6 hours in order to 
evaporate the ether. The resulting dry powder is then 
sieved in a 50 mesh sieve, placed in a dark bottle and 
kept in the freezer. 
90 Example 16 

100g of freshly distilled acryloyl chloride and 500g 
of cellulose acetate are added one by one through 
constantstirring to 1.25litres of petroleum ether 
40-60 as in Example 1 5. The flask is then sealed and 
95 placed in the fridge for one week. The solid is 
subsequently transferred into a thimble and ex- 
tracted with ether in a soxhletforthree days as in 
Example 1 5. In the fourth day the cellulose acrylate 
thus formed is dried between sheets of filter paper 
100 sieved and bottled as before (Example 15). 

Theinvention includes within itsscopeall hyd- 
rogelforming polymers, for use in optical prostheses, 
containing UV-absorbing components bound there- 
in, for example HEMA-based and other polymers 
105 containing monomers such as 4-benzoyl-3-hydroxy- 
phenyl (meth)acrylate, or the corresponding triazole 
derivative, polymerized therein. 

(Meth)acrylate and other monomers including 
therein a chromophore such as hydroxybenzophe- 
1 1 0 nones and benzotriazoles are per se included within 
the scope of the invention since they are thoughtto 
be novel compounds. 

The invention also encompasses slow-release 
devices comprising a polyunsaturated crosslinker- 
115 reinforced orfluorinated monomer-containing hyd- 
rogel or organogel containing a biologically-active 
material such as an antibiotic or other drug within its 
microporous structure. 



Compounds 


[Formulation 
1 

I ( grams ) 


Formulation 
II 


Formulation 
III 
(grams) 


Formulation 
IV 
(grams) 


Formulation 
v 

(grams) 


2-Hydroxyethyl 
methacrylate 

4-Benzoyl-3-hydroxypbonyl 
methacrylate 

Allyl methacrylate 

N-vlnyl-2-pyrrolldone 


99.06 

0.63 
0.31 


88.06 

0.56 

0.26 
11.10 


88.06 
0.56 
0.28 


88.06 

0.56 
0.28 


88.06 

0.56 
0.28 


N , N-dioothylaminoo thyl 
methacrylate 

Diacetone acrylomida 




11.10 


11.10 


5.55 
5.55 


Equilibrium Water Content % 


36.10 


43.10 


41.80 


34.90 


39.00 



CLAIMS 

1 . A hydrogel-forming polymer wherein UV- 
absorbing moieties are bound chemically in the 
polymer structure so as to be inextractable bv 

5 solvents. y 

2. ApolymerasclaimedinClaimlandcomDris- 
•ng polymerised hydroxyethylmethacrylate 

3. A UV-absorbing hydrogel-forming polymer 

substantiallyashereinbeforedescribedwithrefer- 
10 encetothespecificExamples. 

r£ m f?- intraocular lens comprised of a polymer as 
claimed in any one of Claims 1 to 3. 

5. A UV-absorbing hydrogel-forming polymer 
m onT 1 T 9 a I t,eastone hydrophilicmonomerand 
22? ^ at J east u onenon - h y d ™Pni"^monomer 
charactenzed m that the polymer includes units 

S a Z"„ 9 8 , UV - abs ° rbi "9 moiety which in thefinal 
SmcTure b ° u n* as part of the polymer 

R 0 

' tt i 
C^oC-fc-OR 1 

25 wherein R is H or aikyl and R 1 is hydroxy - or alkoxv - 
alkyl. 

7. A polymer as claimed in Claim 6 wherein R is 
hydrogen or CI -C4 alkyl. 

8. A polymer as claimed in Claim 6 wherein R is 
30 hydrogen or methyl. 

9. A polymer as claimed in Claim 5 wherein the 
hydrophilic monomer is a hydroxyethyl(meth) acry- 
late. 

10. Apolymerasclaimed in Claim 5 wherein the 
35 hydrophilic monomer is hydroxyethyl methacrylate, 

dihydroxypropylmethacrylate, ethoxyethyl- 
methacrylate, (meth) acrylamide, aminoacrylate, or 
derivatives thereof. 

11. A polymeras claimed in Claim 5 wherein the 
40 hydrophilic monomer comprises an N-vinyl lactam, 

N-yinyl imidazole, N-vinyi succinamide, N-vinyl glu- 
tarimide or a vinyl or allyl ether. 

1 2. A polymer as claimed in any one of Claims 5 to 
1 1 wherein the units containing the UV-absorbing 

45 moiety are m nomer units. 

13. A polymer as claimed in Claim 12 wherein the 
monomer units are units of a com nom r. 

1 4. A polymer as claimed in Claim 1 2 wherein the 
monomer units ar units of a monomeric cross- 

50 linking agent 

15. A polymeras claimed in any neofClaims12 
to 1 4 wherein the monomer units each contain one of 
the chromophobes specified h reinbefor . 



16. 

55 iiw#h»r«f«7ir"~. " ,,,,cu,,,a,, v-° n eoTuaims5to 

!*> 1 1 wherein the units containing the UV-absorbing 
moiety aremolecules of an oligomeric or polymeric 
cross-linking agent 

17 A polymer as claimed in any one of Claims 5 to 
11 whereintheUV-absorbingmoietyoftheunitsis 
60 one which undergoes photo-Fries re-arrangement on 
absorbing UV-radiation toform a re-arrangement 
product which absorbs UV-radiation. 

18. A polymeras claimed in Claim 1 7 wherein the 
ch romophore is an aryl ester which undergoes 
«>o UV-Fnesre-arrangementtoform2-hydroxyben- 
zophenone derivatives bound in the polymer. 

19- A polymer as claimed in Claim 1 8 wherein the 
aryl ester is resorcinol monobenzoate, phenyl salicy- 
late, diaryl terephthalate, diaryl isophthalate or a 
70 Privative of one of the foregoing. 

20. Apolymerasclaimed in anyone of Claims 5 to 
1 1 wherein the units containing the UV-absorbing 
moiety are units of a polymeric cross-linking agent 

21 . A polymer as claimed in Claim 20 wherein the 
75 PO»ymenccross-linkingagentisaterephthalate-or 

isophthalate- based polyunsaturated polyester resin. 

22. A polymer as claimed in Claim 20 or 21 
whereinthepolymericcross-linking agent is polyun- 
saturated and has a degree of unsanction express- 

80 edasthe ratio number of unsaturates: molecular 
weight of from 1 :300 to 1 :3000. 

23. A cross-linked hydrogel-forming polymer 

compnsing at least one hydrophilicmonomerand at 
least one polyunsaturated polymeric cross-linkinq 
85 agent a 

24. ApolymerasclaimedinClaim22whereinthe 
hydrophilic monomer is a nitrogen-containing 
monomer. 

25. A polymer as claimed in Claim 22 or Claim 23 

90 wherein the hydrophilic monomer is a vinyl 
monomer. 

26. A polymer as claimed in any one of Claims 23 
to 25 wherein the hydrophilic monomer is a ring 
saturated or ring unsaturated heterocyclic vinyl 
monomer. 

27. A polymer as claimed in any preceding claim 
wher inth hydr philicmonom risah terocyclic 
vinyl monomer. 

28. ApolymerasclaimedinClaim27wh r inthe 
100 h terocyclic N-vinyl mon mer is an N-vinyl lactam 

ApolymerasclaimedinClaim28whereinthe 
N-vinyllactamisapyrrolidone,pip rid neorcapr - 
lactam d rivative. 

30. Apolymerasclaimed in Claim 28 r Claim 29 
105 whereinth N-vinyl lactam is N-vinyl -2- 
pyrrolidon , N - vinyl -2- piperidone, N - vinyl 
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caprolactam ora derivativ thereof. 
31. ApolymerasclaimedinClaim27wh r inth 

of a (meth) acrylic compound. 'ooaerivative 
amFH. polymer as claf ™d in Claim 32 wherein the 

m?'^^f OPY,aC ^ am, ■ de ■ N - dia cetoneacrtla- 
rn.de, N, N - d.methyl acrylamide, N, N - dimethyTami 

15, nomethylacry(amid e/ N.N-dimethylam noethyl 

acryl a m,de.N-methylamin 0 iso P ropyla C rlSe 0 r 

hvdrnnJr ymeraSdaimedinC,aim23w hereinthe 
hydrophilic monomer is a monovinvl ether a mn™ 
20 vinyipolyether^hydroxyiatedvinyVeter an "°" 
am.noalkyl (meth) acrylate, a hydroxyalkyl (meth) 
acrylate oran alkoxy derivative thereof 

36. A polymer as claimed in any precedinq claim 

25 'east35%byweightbasedontheweightofthe 
polymer. 

37. A, polymer as claimed in Claim 36 wherein the 
Mroph 1 l 1 cm O nomer(s)constitut esa t.ea 5 t50%by 
weightbasedontheweightofthepolymer. V 

30 38. .Apolymerasclaimedinanyprecedinaclaim 
rheremt'eu^ 

unking agent is vinyl orallyl unsaturation 

39. A polymer as claimed in any precedinq claim 

35. "nking agent is (meth) acrylic. 

40. A polymer as claimed in any preceding claim 

agent .s a polyunsaturated polyester resin. 9 
„n „ 7 ApO,ymerascla, ' medi nClaim40whereinthe 

42. A polymer as claimed in Claim 40 orClaim 41 

45 terephthalate-onsophthalate-based polyunsatu- 
rated polyester resin. 

43. A polymer as claimed in Claim 42 wherein the 
po^unsaturatedpolyesterresinisaphenylisophtha 
' a te-conta,n.ngorphenylterephthalate-containin B 

50 Polyunsaturatedpolyesterresin 

toSwh1. P l^ eraS , Claimed, ' nanyoneofClaim s22 
? po,yunsatura ted polymericcross- 
"nk.ngagent.sa polyunsaturated derivative ofa 
natural orsynthetic homopolymer or copolymer 

55 wntamingmultiplefunctionalgroupsalongitschain. 

mSni»r r er ? S C ' aimed in Claim ^ wherein the 
mult.plefunct.onal groups are select dfrom hyd- 

roxy.am.no.carboxy.sulphonicorchlorom thyl ne 
oran activated derivatives re f. 

60 46. Apolym rasclaimedinciaim44orClaim45 

atoMIPVA. m n P .°' Vm r ° rC ° P ' ym r ^S 
alcoh KPVAUellul se,ac lluloseest r.PVA-vmyl 

acetate copolymer or polymethylm thacrylate - 2 - 
hydroxy thylmethacrylat copolymer 
65 47. Ap lymerasclaimedinClaim46whereinthe 
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P ^unsaturated polymeric cross-linking agent is a 
(meth) acrylicester of polyvinyl alcohol ora (meth) 
acryhcest rof cellulose orof a cellulos ester 

7 n rmttM Ap °' ymerasc,a, " med ''nClaim47whereinthe 
70 me h)acry| 1 cesterofcellulo S eorofac e ||uloseester 
.see lulose(meth)acryl a te.ceIlulosea C e a teK 
acrylate ; cellulose butyrate (meth) acrylate or ^ 
lose acetate butyrate (meth) acrylate. 

7K mS" Ap °. lyr r erasc,aimedinan yo n eofClaims22 
75 o39 where.n the polyunsaturated polymeric cnoss- 

50. A polymer as claimed in any precedinq claim 

wheremthepo.yunsaturated P olymericcrosj£ 
80 agent contains fluorine. 9 

51. A polymer as claimed in any preceding claim 
agen^ 

E present . ,n an amountof not morethan 20% 
based on the weight of the polymer 
85 52. Apolymerasclaimedinanyprecedinqclaim 
andcontaininganon- P o.ymericcros P s-.inkrg^ 
53. A polymer as claimed in Claim 52 wherein the 

^Wh^f^^^-^^^^^^^yleneglycof 
d.methacrylate, divinyl benzene, divinylethylene 
90 urea, div.nylpropylene urea, allyl methacrylate di- 
f!l V l P , h . t, l al 5 t t ?.' d'^nyleneglycol bis (allylcarbonate), 
ethoxylatedb.sphenolAdimethacrylate,trimethvlo 
EC!! methacry,a ^ d f a »ylf"marat;,dS V 
maleate, d.pentaerythritol monohydroxy pentacrv- 
95 'ateorpentamethacrylateordi,tri-tetra-or 
polyethyleneglycol dimethacrylate 
54. A polymeras claimed in any precedinq claim 

andcontainingoneormorehydrophobiccom 
onomers. 

10 \vdLr^ lymeraSClafmedinC ' aimMw ^ 
hydrophobic comonomer is styrene, a vinyl ester a 

maleateesteroranalkyl{meth)acryfate. 

56. A polymeras claimed in any preceding claim 
andcontainingaUV-absorber ngca.m 

UV-absorberisa UV-absorbing monomer copolyme- 
nzed.nthepolymerstructure. "Mu.yme- 
58- A polymeras claimed in Claim 57wherein the 
UV-absorbing monomer is a monomer containinq 

of 2-hydroxybenzophenone; 2.4-dihydroxyben- 
zophenone;22'.4-trihydroxybenzophenone; 
rilTi ■ t f. tr ? hyd, ; oxyD8n2 ophenone; 2-(2H-benzot- 
, , c , V 0 pheno,; resorcinol monobenzoate; phenyl 
115 salicylate; d.arylterephthalate; diaryl isophthalate or 

adenvat^thereofjorUV-absorbingsubstituted 
cinnam.c acid or a derivative thereof. 

59. A monomer as claimed in Claim 57 or Claim 58 
wheremtheUV-absorbingmonomerisanon 
1 20 polymeric cross-linking agent. 

an ?;„n A a P - °! yme : as cla, ' med in any preceding claim 
and containing a fluorinat daromaticcarb cyclic 
monomer. ' 

1« flu 6 orin a i P H 0 i YmeraSC,aim din Claim60whereinthe 
125fluor.natedmon merisofth general formula-- 
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62. .Apolymerisc(aimedinClaim61wh8r e inR 
fluonnatedonthearomaticring. 

^^^^ 

66. ApoIymerisclaimedinanyoneofClaimcR-. 

67 A Pt>'ymerisclaimedinClaim66whe ra inth a 

0 5% to1otT , ° n?e h i l PreSent in a " ^"nt of from 
25 polymer bVWe,grtbaSedonthew ^htof the 

68 ApolymerasclaimedinClairn23and 
comprising methyl methacrylate ethoxJatL k- 

30 ha 7' ate ' a "v' meth acrylate;2-hyd l W e th v | 
toneac^larn,deandN.vmylp yrroli done 
wprohVho^ ""'^"econst'tutesabouteoy. by 

methyl methacrylate 

40 Po'yethyleneglycoldimethacrylate 

allyl methacrylate 

2-hydroxyethyl methacrylate 

purified celluloseacetate methacrylate 

diacetoneacrylamide ^ 
45 N-viny|-2-py r ro|,done 

theforegoing specific Examples a "yoneof 
claimed m any preceding claim t""ymeras 



30 parts 
0.3 parts 
0.25 parts 
0.25 parts 
2.5 parts 
1.5 parts 
0.25 parts 
65 parts 



J?" ^^"^^'"aahydrogel-formlno 

^r B nc. toaS p, cmcEx8mpleconBin ^^ 
cla.medinanyoneofaaims79to81. 
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